The numbers of background antibody-forming cells (BPFC) toward erythrocytes of various species present in the lymphoid organs of unimmunized susceptible BALB/c and resistant C57BL/6 mice were investigated at various times after infection with Friend leukemia complex (FLC) or Rowson-Parr virus (RPV). Both virus preparations induced an increase of BPFC numbers in both animal strains, but the rate and magnitude of the enhancements produced by RPV were much lower. The degree of potentiation varied with the specificity of the BPFC populations and was more pronounced in the spleen than in the lymph nodes and in BALB/c than in C57BL/6 mice. In the late stage of FLC infection, the numbers of splenic BPFC to some erythrocytes underwent a dramatic fall, which was not observed in RPV-infected mice. BPFC present in BALB/c splenocytes cultured in diffusion chambers implanted in the peritoneal cavity of isogeneic normal mice were not affected by viral infection of the chambers.
Recently it has been recognized that Friend leukemia virus is a complex of various entities (19, 28, 31) , one of which is the Rowson-Parr virus (RPV). RPV, which can be easily isolated from Friend leukemia complex (FLC) preparations (6, 28) because of the high titers it attains in FLC-infected mice (8) , induces an early depression of the antibody response in BALB/c mice (9, 13) . This finding has suggested that RPV plays an important role in the immunodepressive effects of FLC preparations and consequently cooperates in the ability of FLC to induce leukemogenesis (5) .
Since it has not yet been possible to free FLC from RPV, the only available experimental approach to the above hypothesis is to compare the immunodepressive properties of RPV with those of the complex. In a previous paper, in which the effect of RPV and FLC infections on the responsiveness of adult BALB/c mice to sheep erythrocytes (SRC) was studied, we found that the number of natural background plaqueforming cells (BPFC) to SRC present in the spleen of nonimmunized animals is greatly increased by FLC but not by RPV (9) . This aspect is further investigated here by extending the range of target erythrocytes. It is shown that although both RPV and FLC may increase the numbers of BPFC, there are considerable differences between the effects exerted by the two virus preparations. In addition, the results are presented of experiments performed to elucidate the mechanism whereby BPFC numbers are increased after infection.
MATERIALS AND METHODS
Mice. Male inbred BALB/c and random-bred C57BL/6 mice grown in this Institute and aged 8 to 12 weeks were used.
Viruses. The strains of RPV and FLC used were free of the lactic dehydrogenase virus and were prepared as previously described (8) . Their passage histories (4) indicate that they are NB tropic. FLC titer was 103-5 mean infectious doses per 0.1 ml. RPV, obtained from newborn mice, titrated 105°mean infectious doses per 0.1 ml. Infection was performed by retro-orbital injection of 0.1 ml of virus preparation.
Assay for BPFC. Hemolytic plaque-forming cells were assayed by the method of Jerne et al. (24) . Unless otherwise specified, the cells were suspended in Eagle minimum essential medium and separately tested against the desired erythrocytes. Sheep (SRC), chicken (CRC), horse (HRC), donkey (DRC), rabbit (RRC) and human group 0 erythrocytes (HuRC) were used; they were maintained in Alsever solution and used between 1 and 5 weeks after collection. A 0.1-ml amount of a 20% suspension of washed erythrocytes in saline was used in each plate. For each antigen at least two plates were prepared. All plates were inspected for false plaques before addition of complement. The anti-mouse immunoglobulin rabbit serum (Miles Laboratories, Kankakee, Ill.) used in some experiments was diluted 1:10 before use. For each group the geometric mean of BPFC was calculated together with its 95% confidence limits, and the statistical significance between groups was assessed by Student's t test.
Membrane filter diffusion chamber cultures.
Spleen cell cultures in diffusion chambers were established by the method described by Capalbo et al. (12) . Once removed from the hosts, the chambers were immersed in 0.5% Pronase (Sigma, St. Louis, Mo.) in minimum essential medium for 1 h at 28 C to improve cell recovery. Pronase was diluted out by keeping the chambers in minimum essential medium for 30 min before collecting the cultured cells.
RESULTS
Effect of FLC on absolute numbers of BPFC in the spleens of BALB/c mice. Groups of normal mice and of mice infected with FLC on day -20, -15, -10, or -5 were tested for splenic BPFC to SRC, CRC, HRC, DRC, RRC, and HuRC (Fig. 1) en cellularity, the results of the previ-the probability of linear correlation significant. roups of experiments are presented in Moreover, in some experiments cell suspensions luring the first 5 to 10 days of FLC from normal and FLC-or RPV-infected spleens the BPFC of all specificities increased were assayed against a mixture of two types of ipproximating that of the entire spleen erythrocytes; plaques with complete lysis were ilation. After this time, although in rarely observed, and their number never exes the absolute BPFC numbers were ceeded 1% of total plaques. These results clearly asing, their ratios rapidly declined. In demonstrate that both in normal and infected in RPV-infected mice BPFC numbers spleens at least the great majority of BPFC ed at a fairly constant ratio with directed towards different erythrocytes belong ight.
to different populations. ild be noticed, however, that RPV To ascertain the immunological nature of the much lower splenomegaly than did plaques, experiments were performed in which 1 and 2).
normal or infected spleen cell suspensions con-[city and immunological nature of taining equal numbers of cells were plated Dm normal and infected spleens. The against various erythrocytes and the plates were In coefficient was determined between incubated for 1 h with anti-mouse immunoglob-*ssible combinations of the numbers of ulin rabbit serum or with normal rabbit serum different specificities detected both in before addition of complement. The results of nd infected individuals. In no case was one of these experiments are given in Table 1 and show that BPFC (to SRC, CRC, and HRC) from normal and infected spleens were equally susceptible to partial inhibition by normal rabbit serum and to almost complete suppression by the anti-immunoglobulin serum. These data, (Table 3 ). The differences were significant in the FLC-infected group for BPFC to SRC (P < 0.05) and in the RPVinfected group for BPFC to CRC (P < 0.01). By (4, 21) , they are thought to arise as a consequence of continuous stimulation by antigens, such as microorganisms, which share determinants with erythrocytes, but definite proof is still lacking (25, 32) . Because the formation of BPFC is thymus independent, and for other reasons (1, 21), it is generally agreed that they are not precursors of-nor are in any way connected with-the antibody-forming cells elicited by inoculation with the corresponding antigen (21) .
Several treatments have been shown to increase the number of BPFC to SRC in the mouse spleen. These include administration of phytohemagglutinin, bacterial lipopolysaccharides, and unrelated antigens (11, 21) . The ability of FLC to enhance the number of BPFC to SRC in adult mice was originally described by Hirano et al. (22, 23) and confirmed by us (9) and others (17) . In the present study FLC and RPV are shown to affect all the BPFC studied that are normally present in consistent numbers in the spleens of BALB/c mice, i.e., those directed against SRC, CRC, HRC, and DRC.
The modifications observed during FLC infection on these BPFC can be divided into three distinct phases. Initially, their absolute numbers increase and the ratios of BPFC to spleen cellularity remain unchanged. In the second phase, the numbers per spleen remain steady or still increase, but the ratios of BPFC to cellularity decrease. This is usually followed by a third phase, during which the absolute BPFC numbers increase and the ratios of BPFC to spleen phases are not synchronous for BPFC of different specificities. For instance, 20 days after infection the absolute numbers of BPFC to CRC are still increasing, whereas those of BPFC directed against SRC, HRC, and DRC have already markedly declined. Moreover, there is a remarkable lack of homogeneity in the magnitude of the enhancement of different BPFC. A similar divergent behavior after FLC infection has been observed between BPFC to SRC and to Escherichia coli (23) and is in keeping with the concept that different BPFC belong to different cell populations, as shown by the absence of linear correlation between various BPFC in this as well as other studies (21) .
The effects of RPV infection on BPFC in the spleens of BALB/c mice are substantially different from those exerted by FLC. Even RPV augments the numbers of BPFC, but not as rapidly and markedly as the entire complex. Significant enhancements are first detectable 10 to 15 days after infection, and in the subsequent 5 to 10 days there are few further modifications. The kinetics of increase of different BPFC is not completely asynchronous as after FLC infection; in fact, the extent of BPFC potentiation parallels the slight spleen enlargement caused by RPV. Moreover, the various BPFC are affected differently by the two virus preparations: the highest increase is achieved by BPFC to CRC in the FLC-infected spleens and by BPFC to HRC in the RPV-infected spleens. These findings explain how in earlier experiments performed with SRC alone the potentiating activity of RPV on BPFC escaped detection (9) . Also, the counts of BPFC in RPV-infected mesenteric lymph nodes were little changed.
The increase in BPFC numbers produced by FLC and RPV infections may have several explanations. One possibility is that BPFC production is stimulated. This might occur because host defenses are lowered so that invading microorganisms stimulate BPFC formation through the activity of cell wall lipopolysaccharides (11, 25, 33) . This explanation, however, contrasts with the augmentation of the reticuloendothelial system activity (26) and the normal levels of complement (10) of FLC-infected mice. Alternatively, FLC and RPV might increase BPFC production acting as mitogens. Mitogens, as well as many thymus-independent antigens capable of unspecific stimulation of lymphocyte division, may cause a burst of policlonal antibody synthesis in vivo (11) and in vitro (2, 18, 30) . A variant of the last explanation is that immunologically committed cells are preferentially stimulated. It has been observed that antibody-forming cell numbers may increase in the spleens of mice primed several weeks before and then infected with FLC (16 (15, 20, 29) . Cross-reactivity between the viral antigens and the antigens used as targets to detect BPFC is ruled out by previous observations (23) and by the wide diversity of erythrocytes with which cross-reaction should occur to justify the present data.
It is also possible that BPFC in infected mice are formed at a normal rate and that the increase in the spleen is due to modifications of their behavior. For instance, their decay might be slower in infected than in normal animals. Nothing is known about the life span of BPFC, and preliminary findings showing that normal and infected BPFC have similar survival times in vitro do not rule out this possibility. Also, since there is evidence that the secretion of antibody by BPFC is a pulsating phenomenon (27), FLC and RPV might stimulate preexisting low-producer antibody-forming cells to release quantities of antibody large enough to permit detection. This explanation, however, does not account for the lack of parallelism in the potentiation of different BPFC by FLC infection and contrasts with the finding that BPFC of infected spleens are inhibited by anti-immunoglobulin serum as effectively as those of normal mice. Alternatively, BPFC produced elsewhere (34) might accumulate in the spleen as a result of an alteration in their circulation. Lymph nodes are less susceptible to the immunodepressive effect of FLC and RPV (6) and might therefore continue to function as a source of BPFC. In FLC-infected mice the spleen accumulates lymphoid cells, whereas superficial lymph nodes show neither gross defects in lymphocyte circulation (3) nor change in BPFC numbers. The lack of synchrony and homogeneity between the effects of FLC on various BPFC might be due to differences in their rate of production and circulation. This hypothesis is in keeping with the failure of FLC and RPV to affect BPFC numbers in diffusion chambers and with the previous observation that FLC suppresses the appearance of BPFC in the spleens of immunologically immature mice (4) The other discrepancies observed in the effects of the two virus preparations cannot be accounted for on the basis of the virus titers used for infection, since the batch of RPV used was obtained from neonatally infected mice in which viral titers approached those present in FLC preparations (8) . However, in adult mice infected with RPV alone, this virus replicates less effectively than in mice infected with the entire complex (8) , and a substantial replication might be a prerequisite for maximal BPFC potentiation. In C57BL/6 mice, RPV and FLC undergo limited replication (14) and only cause moderate and transient increases of BPFC numbers. However, in the light of previous results obtained in neonatally infected BALB/c mice, in which RPV did not modify the gradual appearance with aging of splenic BPFC to SRC though replicating at high titer (4), it is felt that the differences between the effects of RPV and FLC in adults do not simply depend on the extent of viral replication.
The present results emphasize that, in spite of considerable similarities between the effects of RPV and FLC infections on the antibody response to SRC (6, 9) , other immunological parameters may be differently affected by the two virus preparations. Results showing a differential effect on another aspect of immunological reactivity (namely, the response to a skin sensitizer) are presented in the accompanying paper (7) . Whether these discrepancies underlie basic differences in the mechanisms of RPVand FLC-induced immunodepressions is not possible to decide on the basis of presently available data. The question is important because it is directly related to the problem of the role played by RPV in the immunodepressive activity of FLC. However, at least after RPV infection, potentiation of BPFC and immunodepression do not seem to be strictly correlated phenomena since the former is more pronounced at a time when the latter begins to wane (9) .
